Abstract The thoracic ossification of ligamentum flavum (OLF) is a disease that produces spastic paraparesis, and there are various factors that may affect the surgical outcome of thoracic OLF patients. The authors of this study treated 19 of these thoracic OLF patients from 1998 to 2002, and retrospectively reviewed the patients¢ age, sex, symptom duration, involved disease level, preoperative clinical features, neurological findings, radiological findings, the other combined spinal diseases and the surgical outcomes. There were excellent or good surgical outcomes in 16 patients, but 3 patients did not improve after thoracic OLF surgery: this included 1 patient, whose motor function worsened after decompressive thoracic OLF surgery. The favorable contributing factors of surgical outcome in thoracic OLF are a short preoperative symptom duration, single-level lesion, and unilateral lesion type on CT axial scan. On the contrary, the poor prognostic factors are beak type lesion and intramedullary signal changes on T 2 -weighted sagittal MRI. The complete preoperative evaluation including radiologic findings will provide valuable aid in presuming the surgical outcome for the thoracic OLF patients.
Introduction
The thoracic ossification of ligamentum flavum (OLF) is a rare disease entity, that is most prevalent among Asians; it is a disease that produces myelopathy together with cervical ossification of posterior longitudinal ligament (OPLL), but this condition can be treated and is reversible with appropriate surgical decompression [1-3, 5-12, 14-18] .
There are many problems for the diagnosis and treatment of thoracic OLF, because the thoracic OLF is a slowly progressive disease that is commonly revealed as severe spinal cord compression due to severe stenosis. Moreover, it is commonly combined with other spinal disorders, and it is not uncommon for this malady to be misdiagnosed or for there to be a delayed diagnosis [12, 13, 18] .
Improved diagnostic tools such as whole spine MRI have recently increased the number of incidentally discovered patients who are without advanced symptoms.
Based on the assumption that early diagnosis in patients with less severe pathologic lesion and proper treatment according to complete evaluation improves the prognosis of thoracic OLF, we retrospectively reviewed the surgical outcome for this disease on the basis of symptom duration, the involved spinal levels, radiologic findings, and the co-presence of other combined spinal diseases. Contributing factors affecting the prognosis surgical outcome for thoracic OLF
Material and methods
We analyzed 19 patients who underwent surgery between January 1998 and January 2002 for thoracic OLF at our institute. These patients had been followed up more than 2 years, and they also had had whole spinal CT scans and MRI performed on their lesion sites. We classified the type of OLF according to the radiologic findings of the symptomatic lesions that required surgical decompression. The thoracic OLF was classified as the unilateral, bilateral, and bridged types according to the OLF location and types on axial CT scan (Fig. 1) .
The authors also classified the thoracic OLF as beak and round types according to the OLF type on T 2 -weighted sagittal MRI image (Fig. 2 ).
There were 10 men and 9 women who ranged in age from 39 years to 70 years (the mean age was 58.5 years old). Total or subtotal laminectomy was limited to the compressed spinal cord levels, and the OLF was completely resected using a high speed drill under microscopic visualization in all the patients.
We checked the Japanese Orthopedic Association (JOA) score for neurological evaluation of the thoracic OLF patients, and we evaluated the surgical outcome as the difference of JOA score, before and after the OLF surgery (Tables 1 and 2) .
The patients¢ age, sex, the involved spinal levels, duration of symptoms, neurological signs, preoperative MRI and CT findings, coexistent combined spinal lesions, and the surgical outcome were studied (Table 3) .
Statistical analysis
Comparisons of surgical outcomes with duration of symptoms, involved spinal levels, radiologic findings, and combined spinal disease were made using a Mantel-Haenszel Chi-Square test. Significance was accepted for P-values of < 0.05.
Results
According to our surgical outcome criteria, the difference of JOA score, there were excellent and good results for eight patients and fair results for three patients. After the thoracic OLF surgery, five patients were recovered to a normal motor function from spastic paraparesis, 11 patients were definitely improved with some paraparesis, two patients were not improved, and one patient had worsened motor function, from grade 3 to grade 2 at the immediate post operative state, but, 2 months after operation, this patient improved to the preoperative neurological function state (Case 1).
Duration of symptoms
For the symptom duration, the average symptom duration was 16.6 (2-60) months. Two patients¢ symptom duration were less than 6 months, twelve patients were from 6 months to 12 months, and five patients were more than 12 months. There was no statistical significance to surgical outcome owing to symptom duration, because the number of patients was so small amount (P-value: no significant). The patients that suffered from myelopathy for less than 6 months had excellent and good results after surgical decompression. 40 percent (2/5) of those patients who suffered from myelopathy for more than 12 months had fair outcomes (Table 4) . Involved levels There were ten single-level OLF patients, four doublelevel OLF patients, and five multilevel OLF patients that had involvement of more than three levels. All patients had involvement of the lower thoracic area except one patient. Among the five patients who had multilevel OLF, four patients had OLF disease that was combined with other spinal disease (Table 3 ). There was no statistical significance to surgical outcome owing to involved levels, because the number of patients was so small (P-value: no significant).
The single-level OLF patients had excellent and good results for 90% (9/10) after surgical OLF removal, and each one of the fair result patient were included in single, double, and multilevel OLF groups (Table 5) .
Radiologic findings
The thoracic OLF was classified as the unilateral, bilateral, and bridged types according to the OLF location and types on axial CT scan. Six patients were the unilateral type, twelve patients were the bilateral type, and one patient was the bridge type ( Fig. 1 , Table 3 ). The bilateral type, and especially bridge type, implies there was usually a more severe stenosis rather than for the unilateral type, although some large unilateral OLF produced a severe stenosis. There was no statistical significance to surgical outcome owing to axial CT image, because the number of patients was so small (P-value: no significant). The surgical outcomes for patients with the unilateral type were excellent and good except for one patient. According to the surgical outcome, the excellent group was 66.6% for the unilateral type (4/6) and 33.3% for the bilateral type (4/12). The patient with the bridge type has a good result after surgical OLF decompression ( Table 6 ).
The authors also classified the thoracic OLF as the beak and round types according to the OLF type on T 2 -weighted sagittal MRI image. Two patients who had OLF of the beak type, had a fair and good outcome without being excellent (Fig. 2) . We also found out the intramedullary cord signal changes on T 2 -weighted sagittal MRI images for ten patients including two patients of the beak type that were noted as intramedullary cord signal changes. One patient of the beak type (Case 1) had a worsened motor function, from grade 3 to grade 2 at the immediate postoperative state, and then 2 months after the operation, the patient improved to the preoperative motor weakness grade 3.
Combined spinal disease
Thoracic OLF is a slowly progressive disease and it is sometimes combined with other spinal diseases. As a result, it is not uncommon to have a delayed diagnosis or for the patient to be misdiagnosed. Three patients¢ Fig. 2 The thoracic OLF was classified into 2 subgroups, round (A,B) and beak (C,D) types on schematic drawings and T 2 -weighted sagittal MRI OLF were combined with lumbar or cervical spinal stenosis and two patients¢ OLF were simultaneously combined with cervical and lumbar stenosis. Among the 19 thoracic OLF patients, two patients had a simple discectomy performed due to lumbar disc herniation before and after the thoracic OLF surgery, and two patients had decompressive surgery performed at the same time for cervical OPLL and thoracic OLF (Table 3 ). There was also no statistical significance to surgical outcome owing to combined spinal disease. According to our results, duration of symptoms, involved spinal levels, radiologic findings, and coexistent combined spinal lesions were not related to the surgical outcome statistically. But, short preoperative symptom duration, single-level lesion, and unilateral lesion type on CT axial scan have a tendency to favor the postoperative surgical outcome. On the contrary, the beak type lesion and intramedullary signal changes on T 2 -weighted sagittal MRI have a tendency to make worse the postoperative surgical outcome.
Discussion
Most of the thoracic OLF patients showed the typical features of thoracic myelopathy: that is, sensory and motor deficits in the trunk and lower extremities, sphincter disturbance, and exaggerated tendon reflexes.
The lower thoracic spine is the most frequently affected area and the patients initially present with posterior column disturbances that are followed by progressively increasing spastic paraparesis [5] .
The chronic severe myelopathy caused by thoracic spinal stenosis can be reversible with appropriate decompression, and the surgical outcome was reported to depend on the initial symptom duration, sufficient decompression and the presence of an additional proximal stenosis. Early diagnosis and treatment are important for the postoperative functional prognosis. It is reported that the persistence of residual spasticity at follow-up may be due to irreversible changes within the cord that is caused by the significant cord compression and the delay between the onset of initial symptoms and surgical decompression [2, 9, 12, 14] . In our series, the symptom duration was not related to the surgical outcome statistically, but, especially the short symptom duration, less than 6 months, was a relatively favorable factor to the surgical outcome. Miyakoshi et al. [9] classified the thoracic OLF into five types according to the range and morphological features of the ossification depicted on the preoperative CT scans at the narrowest spinal level: lateral, extended, enlarged, fused, and tuberous. They reported that there were no correlations observed between the types of OLF and preoperative neurological status or postoperative prognosis. We thought that the classification of thoracic OLF by Miyakoshi N. was too complex for clinical application. So, we classified the OLF with into three types, unilateral, bilateral, and bridge type, concisely and plainly. In our series, there was no relationship between OLF type and the surgical outcome statistically, but the unilateral types and the single lesion of thoracic OLF was thought to be a relatively favorable factor to the surgical outcome.
The whole spine T 2 -weighted sagittal MRI is the modality of choice for the screening of the longitudinal extent of the OLF because of the common multiplicity of lesion sites, and OLF is often combined with other ossifying ligament diseases [3-5, 7, 9, 13, 14, 17, 18] . The whole spine MRI shows the entire spinal pathology at once, and so we can easily find out the exact pathology levels and sometimes, we can also see the combined spinal pathology such as hidden cervical and lumbar stenosis. Among our patients, five thoracic OLF patients had multiple lesions of the thoracic OLF, and eleven patients also had other combined spinal diseases, which were stenosis and disc herniation of the cervical and lumbar spine. Several patients with involvement of the thoracolumbar junction presented with atypical symptoms of thoracic myelopathy, and some patients had other combined spinal diseases such as cervical and lumbar lesions. Thus the thoracic OLF was infrequently misdiagnosed and treated inappropriately due to the presence of other spinal pathology. Whole spine MRI evaluation and a careful and complete neurologic examination should be performed preoperatively for thoracic OLF patients.
Among our patients, ten had intramedullary signal change on the T 2 -weighted sagittal MRI image. The three patients who had fair surgical outcomes, and the two patients who had the beak type OLF revealed intramedullary signal change. It is very difficult to remove it because the beak type OLF presses down the spinal cord like an awl. For these beak type lesions, we achieved one good and one fair surgical outcome each without getting any excellent results. We thought that the beak type OLF with intramedullary cord signal change was expected to have irreversible changes within the cord by significant cord compression.
The surgical priority is also very important for the thoracic OLF patient, who has coexistent lesions in the cervical or lumbar area. In my opinion, the priority for surgical decompression in multiple combined spinal stenosis patients is dictated by the patient's neurological sign and symptoms, and the best time for an operation is that time that causes the patient the least inconvenience of life style.
The 66-year old male (Case 12) complained of spastic paraparesis for 48 months and the symptoms had been aggravated for the last 2 months. On the thoracic MRI, thoracic OLF was noted at the T9 area, and this was also combined with cervical stenosis due to cervical OPLL. First of all, we removed the thoracic OLF because he complained of lower extremity spastic paraparesis without any symptom and signs of the upper extremities. His preoperative spastic paraparesis of the lower extremities was completely resolved in spite of the cervical OPLL (Fig. 3) .
The 61-year old female (Case 9) complained of spastic paraparesis due to severe OLF on the T9, T10 areas. The unilateral and round type OLF had developed from the left side T10 ligament flavum. Operative findings, showed that the OLF was severely adhered to the posterior dura, which made the resection difficult because it cannot well be dissected between the OLF and dura. The OLF was removed with attached dura after thinning the OLF by using a high speed drill under microscopic visualization. The defected dura was repaired with lyodura and the patient's motor weakness was improved from grade 4 to grade 5. After the operation, she has been neurologically normalized without any postoperative complications (Case 9) (Fig. 4) .
In spite of unilateral OLF, we did total or subtotal laminectomy, not hemilaminectomy, to remove the thoracic OLF safely, after removal of the spinous process. we thought that the total or subtotal laminectomy without facet injury of the opposite site, not has pathology has no problem and I placed the emphasis on decompression on OLF lesion site in surgery.
Conclusion
Thoracic OLF is a relatively common disease that produces myelopathy in the thoracic area. The thoracic OLF has the problems of relatively high surgical risk and unpredictable surgical outcome.
In our study, short preoperative symptom duration, single-level lesion, and the unilateral type were relatively favorable prognostic factors, but the beak type and intramedullary signal changes on T 2 -weighted sagittal MRI image were relatively poor prognostic factors for the thoracic OLF surgery. The combined presence of other spinal diseases with thoracic OLF patients is not related with surgical outcome.
The complete preoperative evaluation including radiologic findings will provide valuable aid in presuming the surgical outcome for the thoracic OLF s according to the results of our study. Fig. 4 The thoracic OLF was adhered to the posterior dura. The thoracic OLF was completely removed with the attached dura and then repaired with the lyodura (Case 9)
